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(54) Title: PREFORM, DEVICE AND METHOD FOR CASING A WELL 

(54) TItre: PREFORMS. DISPOSITIF ET PROCEDE POUR LE TUBAGE D'UN PUrra 

(57) Abstract 

A prefonn comprises, distributed along its wall, anmxlar curable zones (3) 
which are radially and outwardly defonnable to that diey apply against the wall 
(20) of the well (2). or of die conduit, and which fonn, after curing, anchoring and 
sealing locks for die casing, ^tpticatioo: casing of wells, paiticnlariy oil weUs 
or coKhitis. without using cemeaL 

(57)Abr4g£ 

Cetre ptdfocme compoite, ii^iafties le long de sa parol, des zones annulairts 
dureissables (3) aptes & le dtiforaier ladialeaient ven Text^ricur pour venir 
s-appliqucr conne la patoi (20) du puits a), ou de la canalisation, et qui S 
fomicnt apzts dureissement des venous d'ancrage et d'aanchtit^ poor le tubage. 
Applicadcns: mbage de puits, notarameot de forage pdtroUer, ou de canalisations 
sans utilisation de cimenL 
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PREFORME, DI5P0SITIF ET PROCEOE POUR LE TUBAGE O'UN PUITS 



La pr^ente inveniion conceme une prdfonne souple qui est d^pliable 
radialemenl. el durdssable in situ, aprfes qu'elle ait 6t6 mise en place dans un puiis, 
notammcnt un putts dc forage p6tioIter» ou dans une canalisation, pour y constiiucr un 
tubage cylindrique. 

5 L'invenlion conccrne ^galcmenl le proced^ pour mettrc en place, ancrcr 

cetie pi^forme dans Ic puits ou dans la canalisation, et cr&r une ^lanch^itc enu-c la 
prfforme et le puits ou la canalisation. 

On conndit d6j& des prdfonnes dont la paroi est en matiriau souple, 
susceptible d^fitre replide sur ellc-memc dc maniirc a presenter un encombrcment radial 

10 ncttcmcnt plus faible que le diam^tre du puiu ou de la canalisation k tuber, ou k chemiser 
dans le cas d*une reparation localis^c. La prdfonnc est inuxduiic dans le puits ou dans la 
canalisation h Tdtat rcplid. Une fois qu'clle a ^te positionn^e k Tendroit voulu, on la 
d^formc radialement vers rext^rieur, par introduction k Tint^rieur de la prdfonne d'un 
fluide de gonflage. Sous Teffet de la prcssion interne, elle prcndune forme cylindrique. 

15 c'cst-^-dire unc section circulairc. L'ancrage de la pr^formc ainsi dilat^e k rintericur du 
puits ou de la canalisation se fail au moyen U'un cimcnt que Ton coule dans Pespace 
annulairc siparant la para cxt^rieure de la pr^formc cylindrique de la paroi du puits ou de 
la canalisation. Le duidssement k chaud, par pdymdrisation. de la pard constiiuUvc dc la 
prdfomc peut fitre rdalise soil par introduction d'un liquide chaud k Tintdrieur de la 

20 prfforme, soil par effet Joule au moyen de r^istances 61ectriqucs appropridcs disposdes 
dans la prdformc, par cxemple de fils ^ectriques faisant partie de Tannanire de la paroi dc 
la prdforme. imprtfgnte de rdsine thennodurcissable. 

Lademande de brevet intemaiionale WO 94/2 1887 conceme la cimcntation 
d'un tubage de ce type. 

25 La cimcntation d'une telle i^orme de ce type pose plusieurs problfemes. 

Tout d'abord, elle exige une installation de cimcntation relativemeni 
sophistiqude et coQleuse. 

Par ailleurs, la qualite du ciment doit ctre parfaiic. pour pouvoir s'insdrer 
correctement, et de maniere homogfene, dans les interstices annulaires, dont Tdpaisseur 
30 peut §tre Xrts faible, sdparant la paroi de la prtfforme de la paroi du puits ou dc la 
canalisation. 
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Enfin. la cimentation n'est pas toujours tres fiable. car mal contiGlfc sur de 
grandes longueurs. 

L-objectif de la pr&ente invention est de proposer une pr«5forme du genre 
ci-dessus d&rit. pouvant £tre misc en place et ancrde k Tintirieur du puits ou de la 
5 canalisation, sans qu'onn'ait&raire usage d'uncimenL 

Get objectif est atleint. conformtfment i. rinvenlion. grtce au fait que la 
pr^forme comporte. le long de sa paroi. des zones annulaires durcissables aptes k se 
dtfonner ladialement vers rext^rieur pour venirs'appliquer centre la paroi du puiis ou de 
la canalisation et qui fonnent. aprfes durcissement. des verrous d'ancragc et d-<tanchfite 
10 pourleiubage. 

Par aiUeurs. scion un certain nombre de caracttfristiques additionnellcs. 
non limitatives de rinventicm : 

- la pr^fonne comporte une reserve de r<sine polym6risable k chaud 
dispose du c6tt5 int^ricur et apte k niigrcr ladialement veis Pextirieur k Havers la paroi 

15 sous TeflTet d'une pression interne ; 

- die comporte une peau extiticure aastiquement d<5fornjable. dent 
certains tronfons en forme de manchons ont une aptimde k la deformation radiale 
nectement plus giande que cellc du rcste de la peau. ces tron9ons i^tsant lesdits venous : 

- les troncons facilemcnt d6formables sont en ^lastomiie non renforctf. 
20 tandis que le rcstc de la peau est en dlastomftre renforc^ ; 

- ladiie reserve consiste en des poches annulaires siiu&s en regard desdits 
tron9ons de peau extftieuie fadlement d6fonnaUes ; 

- ladite reserve s'6tend tout le long de la prtforme. y compris en regard des 
zones de peau extAieure non fadlement dabrmables ; 

- la paroi de la prdfonne est composfe d'une Sme en r&ine polymeiisahic 
k chaud et de deux peaux en mat^iiau flastomire. Tunc intdrieure. Tauire exuSrieure. 
laditei6iCfvecontenantlarfsine6antdeUmil&5parrSmeetparlapeauint6rieure ; 

- la preforme est munie de joints d'<uinch«te annulaires entouram les 
zones durcissaUes destinies it constituer les verrous. 

U proc&ie selon I'invention. destine k la mise en place, k Pancrage. et d la 
realisation de I'etancheite d'une preforme telle que decrite ci-dessus k Pinterieur d'un 
puits ou d'une canalisattcn. comprend les etapes suivantes : 

a) on introduit la preforme k I'etat plie dans un puits ou une canalisation 
cylindrique. dont le diam&tre est un peu plus grand que ceiui de la preforme lorsqu'elle 

35 est ladialement deployee; 

b) on introduit un nuide sous pression ft l-interieur de la prefome pour 
I'amener ft retat rigoureusement cylindrique ; 
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c) on provoque la d^fonnation desdites rones annulaires vers rexidricur 
pour les appliquer centre la paroi du puits ou de la canalisation ; 

d) on provoque le durdssemcnl dc la prdformc ct des zones annulaires. 
De manifere avaniagcusc, k F^iape c) on chaufTc la resine contcnuc dans 

les pochcs annulaires dc maniirc ^ la liqudfier cl la fairic migrcr vers I'extcrieur sous 
Peffei de la pression inteme cl, k I'topc d). on mainticnlcclte r&inc cl celleconsUniUve 
dc la paroi de la pr^fonnc k la lemp^raiure de polymerisation durant un temps suffisanl 
pour obtenir le durcissement de rcnscmWc. 

D^autres caract^risUques el avantages de TinvenUon apparaiiront dc la 
description et des dcssins annexfe. qui en reprtfsentent. i tiirc d'exemples non limitatifs. 
des modes de nfalisatton pr^r^rentiels. 
Sur CCS dessins : 

- la figure 1 est une vue en coupe sch6malique tfune pr^forme confonne k 
rinvcniion, aprfes introduction ct d6ploicmcnt radial, mais avant ancragc, k Tintfricur 

15 d*un puits de forage p^trolier ; 

- 'es figures 2 et 3 sont des sections transvcrsales de la prtforme k Vim 
initial replif, sdon deux modes de rqdicmenl difT^nts ; 

- la figure 4 est une vue similaiie k cclle des figures 2 ct 3. qui rcpr^nte 
la pr^forme ladialement dfploy^, pour prendre une forme cylindriquc : 

" l2 figure 5 est une vue partielle. en coupe axialc, de la paroi de la 
pr^forme, au niveau d'une zone annulaire durcissablc dcstin& k conslituer un vcrrou 
d'ancrage, avant qu'clle n'ait €re d6form& ladialement vers Textdricur ; 

- la figure 6 est une vue similairc k la figure 5. rcprtfscntant la prdforme 
^prhs deformation et durcissement du vcrrou ; 

- la figure 7 est une vue schdmatique d'un tronfon dc pr^forme ddployd, 
qui est 6quip6 de pi usicure joints 6'6iznch6M au niveau de la zone annulaire durcissablc 
destin6e k constituer un vcrrou d*ancrage ; 

- la figure 8 est une vue cn coupe longitudinale au niveau du joint, aprte 
ancragc ct durcissement dc la prfforme dans un puits. 

- figures 9 et 10 sont des vues analogues aux figures 5 et 6 respective- 
ment. repr&cntant une variante de la pr^forme, 

A la figure 1 on a repr&ent^ une pr^forme 1 conforme k r invention, qui 
est placfe k rintdrieur d'un putts de forage pdtrolier 2. dont la paroi cylindriquc est 
r€fdreDC<c20. 

La prfformc est dc type connii, cn mat^riau ihcrmoduicissablc, pdym^iisa- 
ble k chaud, qui avant raise cn place k rint^ricur du puits est replite longinidinalemcnl de 
fa^on k presenter un encombrement radial r£duiL 
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Lc pliage peut ctre r&Uisf cn "U" comme reprfcentf scMroatiquemem 4 la 
figure 2. ou en escargot" comme repr&ent^ a la figure 3. 

Aprts tnise en place sur la longueur vouluc, a rintdricur du puiis 2 la 
pra-ormc est d^ployfe de mani4« a p„ndre une fom,e cylindrique. comme illustree aux 
5 figures let 4. 

Ceue dilatation radiale se fait par introduction d'un Ouide sous pression 
dans respace int^rieur 100 de la pr^forme. Pour cela. il est prtvu une ca^UisaUon 4 
pendtrant de tnanifere Blanche en extrdmitd sup^rieure la de la preforn>e. I'amende de 
n«,de se faisant depuis la surface S du puits. Le fluide utilise peut etre simplement la 
10 boueliquideexiiaitedu puits. 

L'extnSmit6 basse lb de la prtforme est naiurellctnent obturde par des 
moyens de fermeture appropries. 

A V6m ddploy^. la paroi 10 de la prtfforme prisente done une forme 
ngoureusement cylindrique. de diamfetre cal.brd. Le diametre de sa surface extfrieu.* est 
chois. de manite a gtre trte Wgirement inf<£rieur au diamfctre de la paroi du puits 

A'*'"'**«''«"P'«.n°n"nii,a.if.lediamfcueextemedelaprtformesenide 
178miM.mfetres.tandisqueJediamfctredelapaioi20seradel84millimfctres 

3millimfet«s. ""''""'^'^""^'""™"'"^"J*^"''^^^*'^'«*''^««.P3rc^^^^^ de 

Cet espace annulaire libre sur toute la hauteur de la pr6forme pcrmet 
d gvacuer la boue au couis du gonnage. 

Selon une caiacttfristique essenUelle de rinvention. la prdforme 1 est 
pourvue de plusieurs zones annulaires durcissables r6parties le long de sa paroi aptcs A 
seddformer«dia,ementver3rext.rieurpourvenirsapp,i<,uerco„t.,lap^^ 
de namirc iformer. aprte durcissement. des verrous d'ancrage et d'^unch^itd pour le 
tubage. Ces verrous sontreprtsentdsen traits intenompus etrtfdrencds 3 a la figure 1 

Lesd,frdreatsvem,us3sontespac&dedistancesL.. L, prtddtenninto 
qui ne sent pas ndcessairement dgales. 

A titre indicatif. la pr«5fonne a une longueur pouvant atteindre 3 000 
L-espacement des venous 3 pourra etre compris entre 5 et 50 mfetres. par 

La hauteur des verrous sera de I'ordre de 0.5 a 3 metres. 

Danslemodederealisationreprfeentdauxf,gures5et6.1aparoi lOdela 
prdforme constitute d'une ame thennodurcissable 5 prise en sand^ch entte une peau 
mteneure6ctuncpcauextdrieure7. ^ 



20 
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L'§mc 5 est une r&ine polymdrisable k chaud, k rintericur de laqudle est 
noy^e une armature dc rcnforccmcnt compos6c dc fibres 50. telles que des fibres de verre 
ou de carbone, certaines circonTgreniielles el d'autres longitudinales. 

La pcau int^ricurc 6 est cn materiau ^lasiom^re (caoutchouc synth^iiquc) 
5 non renforc6. La peau ext^rieure 7 est en maiiriau 6lastomere. renforcc par un Ussu 
raiUement extensible. 

La zone annulaire deslin^e k constituer Ic verrou forme un r^ervoir 
(poche) d^limitd d'une part par l*§me 5 et d'autre pan par un renncment 6\ dirig^ vers 
r intcrieur 100 de la pnSforme, de la peau int^rieure 6. Ce r&crvoir conticnt une r^ne 60, 
10 poJymdrisable k chaud. 

En regard du renfiement 6\ la peau ext^rieure 7 est intcrrompuc pour ctre 
remplacde par un manchon 8. Celui-ci est convenablement relid et fixi, par exemple par 
collage, k la peau 7. U manchon 8 est cn matdriau flastom^re non renforc^. II est done 
extensible radialement, contrairement au restc de la peau cxt^rieure 7, 

A titrc indicatif, I'^paisseur de chacune des pcaux 6, 7 est de I'ordre de 2 
millimetres, tandis que Tame 5 a une ^sseur comprise entre 5 et 15 millimetres. 

La r&ine 60 est choisie pour possdder une viscosity ^levde k temperature 
ambiantc. et une viscosity faiblc k tempftature flcvec. par exemple k partir de SOX 
environ. Qle devient alors liquide et susceptible de migrcr k travers I'fimc 5 et son 
20 armature 50. vers rexterieur. 

L^ancragc de la preforme dans ie puits se fait de la manifcre expliqudc ci- 

apris. 

On procfede tout d'abord au deploicmcnt radial dc la preforme. en y 
iniroduisant le liquide L. comme d^j^ dit plus hauL U prdforme va done prendre 
25 progressivement une forme cylindriquc, tandis que la boue pnSsenie k rintericur du puits 
est chassec dc Tcspacc annulaire reste libre et rcmonte en surface. C'est du rcste cctlc 
meme boue qui peut gtre utilisee comme liquide de gonfiage L, via un circuit de pompage 
ad hoc. 

La pression du liquide L est choisie de telle manierc qu'il y ait une 
30 difference de pression relativement eicvec. par exemple de I'ordre de 10 bars, entre les 
liquides intericur et exterieur k la preforme. U preforme est retenue dans sa position 
correcte k r intericur du tube par un appareillage approprie insudie cn surface, et non 
rcpresente, 

Ensuiic, on procfede au chauffage dc la paroi de la prfforme. soil en 
35 substitoant au liquide L un liquide chaud, soit par effct Joule, k Taide de resistances 
eiectriques appropriecs montees dans la preforme. Get apport de chaleur va fluidificr la 
rtsine 60 contenue dans les poches 6\ ainsi que celle dc Vkmc 5. 
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Sous Teffet de ia pression p du nuidc intdrieur, la rdsinc Itquide va aiors 
migrer de Pini^rieur vers I'extdricur, loui en refoulani la r^inc constitutive de Tame 5, ^ 
iravers cette dcmicrc pour former des hemics annulaires 61 qui vont vcnir s*appliqucr 
- paf riniermWiairc des tron9ons de peau 8 facilement d^fonnaWes - conire ia paroi 20, 
avec unc pression rclativement forte. Bien entendu, la capacity des r6servoirs et. 
corrtlati vement. le volume de la rdsine 60 sonl choisis sufTisanls pour combler correcle- 
mcnt Pcspace annuiaire conespondant au jeu j. et dtformer sufHsammeni les venous 3 
vers rcxidrieur. conirc la paroi 20. Les lron9ons 8, apris expansion radiale, sonl 
r^f^renc^ 8' sur les dessins. 

On continue ensuite k apporler k la pr^forme et au verrou les calories 
n6cessaires. pendant une durde suffisantc - g^ndralement de quelques hcures - pour 
obtcnir ia polym6risation de Fensemble de la paroi. y compris celle des vcrrous. 

On obtient done ainsi un tubage rigidc k paroi tntirieure cylindriquc, et 
dont la paroi extdrieurc est form^ de bourrelets annulaires qui constituent des zones 
15 d*ancrage et d*^tanch6it€ du tubage dans Ic puits Z 

Les operations finales consistent a enlever le liquide se trouvani k 
rint^ricur de la prdformc, k retirer le conduit 4. et k 6Iiminer les extr^mitds de pr6fonne 
haute la et basse lb. 

La partic 1 a peut etre enlevde simplcment par sciagc transversal. La partie 
20 basse 1 b peut eu-e enlcv6c par forage axial k Tint^rieur du tubage. 

II convient de noier, que la localisation des vcrrous 3 est parfaitemeni 
contrdl^e par suite de la presence des manchons 8 dont Paptitude k Tcxtcnsion radiale est . 
plus grande que le reste de la peau ext^rieuie 7. 

La dtformation de la peau ini^ricure 6 vers Tcxt^rieur, k la fin de la 
25 migration de la r&ine vers Text^rieur. est limitfe car cette peau 7 va venir prendre appui 
contrc la structure filameniaire 50 de TSme 5. Ainsi, on est assure que la paroi inl^rieure 
du nibage aura une forme rigoureusement cylindrique sur touie sa hauteur. 

Les verrous annulaires seront positionniSs k la demande, selon les 
caract^ristiques physiques du puits k tuber, le long de la prtfforme, notammcnt en 
30 fonction de la disposition de cenaines zones aquiferes. 

Pour amfliorcr T^tanch^ii^ enire la pr^forme el la paroi du puits. ii est 
possible de pr^voir, au niveau des verrous 3 des joints d'6tanchdil^. 

Cette possibilit6 est illustrfe aux figures 7 et 8. Les manchons dilataWes 8 
sont gamis d'un ou de pi usieurs joints d'^tanch^ii^ 9. par cxcmple au nombre de trois. II 
35 s'agii par exemple de joints souples. aptes k sc ddploycr radialement en mtoe temps que 
la prdforme. pour prendre une fonne torique. Apr^ dilatauon radiale et durcissemenl des 
verrous, les joints se trouvcnt logds dans une gorge annuiaire de la peau cxt^iiwire 8\ 
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assurant une parfaite 6tanch6it& k ce niveau. Cette technique d*6tanch^it^ fait I *objet de la 
demande dc brevet 94 03629 depos^ par la demanderesse le 23 mars 1994. Elle est 
app]iqu6e ici aux zones d*ancrage de ia pr^rorme. 

II convienc de noter que la r6sine 60 peui rester emprisonn^e pendant unc 
5 longue duric k Tint^rieur des poches 6\ sans risque de degradation. 

Ainsi, les prfformes pcuvenl etre stock&s sans dommages, miscs en place 
au moment voulu, puis ancr^es 6galement au moment vouiu. Du reste. t] n'cst pas 
ncccssaire de rfaliser la polymerisation de la pr^fonne et des vcrrous juste aprte le 
deploiement radial de la prtforme. Ces operations peuvent etrc mcn&s succcssivemcnt au 
10 moment opportun. notamment fonction de la disponibilite du personnel affecte k ces 
tSches. 

Dans la variante dc preforme illustrfe aux figures 9 ct 10. dans lesquelles 
les mcmes references qu*aux figures 5 el 6 onl ete utilisees pour designer des elements 
identiques bu similaires, la reserve de resine polymerisable & chaud 600 n'est pas 

15 confinee dans des podies. Au contraire, elle occupe un cspace annulaire, entre amc 5 el 
peau interieurc 6, qui s^etend tout le long de la preformc 7. y compris en yis-^i-vis des 
zones de peau exterieure renforcees. ct non facilement deformables (voir figure 9). Lots 
de Tapplication dc la prcssion interne p. ia rfsine liquide va migrer k 1* interieur de TSme 
5. Ccpendant, vers Pexterieur. elle ne va ressortir qu'en regard des tiongons 8 facilement 

20 deforaiaWcs, formant k ce niveau les bourrelets d'ancrage 8' , 

Cette variante dc preformc esi d'un prix de revient plus faible que celui 
d'une preformc k podies. 

A litre indicatif, la peau exterieure 7 a une epaisseur de Tordre de 2 i 
3 mm, ramc 5 une epaisseur comprise entre 5 ct 15 ram , ia resine 600 une epaisseur de 

25 Tordre de 0,4 mm et la peau interieurc 6 une epaisseur dc 1 'ordre de 2 mm. 

Bien que dans le mode de mise en oeuvre de Finvention qui vicnt d'etre 
decrit en reference aux dessins, on ait affaire au tubage d'un puiis vertical, et plus 
predsement d'un puits de forage petrolier, la prescnte invention s' applique egaJcmcnt au 
tubage dc puits souterrains, qui nc sont pas forcement verticaux. et au tubage de 

30 canalisations, par excmple de pipe-lines ou dc gazoducs en vue de Icur reparation in situ 
par mise en place d*un chemisage interne. 
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REVENDICATIQNS 

1 . Prdfonne souple ddpliable radialcmeni et durcissable in situ aprts 
raise en place dans un puits ou une canalisation pour y constituer un tubage cylindrique, 
caractftisfc par le fait qu'elle comporte ]e long de sa paroi des zones annulaires durcissa- 
bles (3) aptes k se d^fonner radialement vers rextirieur pour venir s'appliquer aaitre la 

5 paroi (20) du puits (2) ou de la canalisation et qui fortnent apite durcissement des venous 
d'ancrage et d' Aanchtitd pour le tubage. 

2. Prdforme selon ia revendication 1. caraci<ris& par le fait qu'elle 
comporte une r&erve de r&ine polymdrisable ii chaud (60. 600) disposfe du c&t£ 
intdricur et apte h migner radialement vers rcxi6rieur d travels la paroi (10). sous I'elTet 

10 d' une pression interne (p). 

3. Pr^forme selon Tune des revendications 1 ou 2. caiact6ris^e par le fait 
qu'elle comporte unc peau extirieure «astiquemem difoimable (7) dont certains tron9ons 
(8, 8') en forme <te manchons. ont une aptitude k la ddforraaiion radiale nettement plus 
grande que celle du reste de ia peau (7), ces tron$ons r6alisant lesdtts venous (3). 

15 4. Prdfonne selon la revendication 3. caiact^ris^e par le fait que les 

tronfons (8. 8') fadlement dtfformables sont en dlastom^ noa renforo^. tandis que le 
reste de la peau (7) est en ^lastom^ renTorc^. 

5 . Pr6fonne selon la revendication 2 d'une part, et 3 ou 4 d'autre part, 
prises en combinaison, caractdrisfe par le fait que ladite r^erve consiste en des pochcs 

20 annulaires situtes en regard desdits tron^ons (8) de peau extdrieuie facilement dtffonna- 
bles. 

6 . Pr^fomie selon la revendication 2 d'une part, et 3 ou 4 d' autre part, 
prises en combinaison. caract^ris6e par le fait que ladite r&ervc (600) s'^tcnd tout le long 
de la pr^fonne, y compris en regard des zones de peau ext^rieure non facilement 

25 d6fonnables. 

7 . Pr^forme selon Tune des revendications 5 ou 6, caract£ris6e par le fait 
que la pard de la prffonme est composfc d'une §me (5) en rfeine polymirisaWe a chaud 
et de deux peaux en mat^riau dlastomfere. Tune int^rieure (6). I'autre extdrieure (7), ladite 
.r6serve contenant la r6sine (60. 600) dtant ddlimit^: par I'&me (5) et par la peau inl^eure 

30 (6). 

8 . Pr^forme sdon la revendication 7, caract^riste par le fait que I'ame (5) 
comporte une armature filamentaire (SO) noyfe dans la i^ne. 
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9 . Prfformc selon I'une des revendicaUons l & 8. caiaciAisfe par le fait 
qu'elle est munie de joints d'«5tanchfil^ annulaires (9) entourant les zones dmcissabies (3) 
destine & c(»istituer les venous. 

10. Procddd pour mcttre en place, ancrer et nJaJiser r^tanchtfittf d'unc 
priformc conforme k I'une des revendications pr6c<dcnies dans un puits ou une 
canalisation cylindrique. selon lequel: 

a) on intioduit la prffome (1) k I'dat pM dans le puits (2) ou la canalisa- 
tion, dont le diamdtre est un peu plus grand que celui de la pi^Tonne lorsqu'ellc est 
radiaiementd^oy^ ; 

b) on introduit un fluide sous pression k rint«rieur de la prtfonne (1) pour 
I'aniener kV6tat rigoureusement cylindrique ; 

c) on provoque la deformation desdites zones annulaires (3) vers 
I-extdricur pour les appliquer contre la paroi (20) du puits (2) ou de la canalisation ; 

d) on provoque le durcissement de la prtfome (1) et des zones annulaires 

15 (3). 

1 1 . ProakK selon la revendication 10. applique k une prtSfonne confonne 
a rune des revendications 5 ou 6. canici«s6 par le fait qu'k I'dtope c) on chauffe la 

n&.ne(60)contenue dans les poches annulaires denumifereilaliqwfrieretlafairemigrer 
vers l-ext^SrieursousrefTetde la pression intenie(p)etqu-4r<iapcd)onmaintientceite 
20 n&tne et celle constitutive de la paroi de la priforme k la tempdraturts de polymerisation 
durant un temps suffisant pour obtenir le durcissement de Pcnsemble. 
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PREFORM, DEVICE AND METHOD FOR CASING A WELL 

The present invention concerns a flexible preform that is radially foldable and curable in 
5 situ, after it has been placed in a well, particularly an oil well, or in a conduit, in order to constitute 
a cytindrical casing therein. 

The invention also concerns the method for positioning, anchoring this preform in the well 
or conduit, and creating a seal between the preform and the well or conduit. 

Already known are prefomis the wall of which is a flexible material that can be folded on 
10 itself in order to have an overall radial dimension that Is significantly smaller than the diameter of 
the well or conduit to be cased, or to be lined in the case of a localized repair. The preform In its 
folded state is inserted in the well or conduit. Once it has been positioned at the desired location. 
It Is radially deformed outward by introducing an inflation fluid into the preform. Under the effect of 
the intemal pressure, it takes a cylindrical form, that is, a circular cross section. The anchoring of 
15 the expanded preform to the interior of the well or conduit is done by means of a cement that Is 
poured into the annular space separating the outer wall of the cylindrical preform from the wall of 
the well or conduit. The curing of the preform wall by polymerization can be accomplished either 
by introducing a hot liquid inside the preform, or by the Joule effect by means of appropriate 
electrical resistances arranged in the preform, for example electric wires comprising part of the 
20 wall structure of the preform, impregnated with heat-setting resin. 

International patent application WO 94/21887 concerns cementing a casing of this type. 
The cementing of a preform of this type poses several problems. 
First, it requires a relatively sophisticated and expensive cementing facility. 
Moreover, the quality of the cement must be perfect in order to be able to insert it 
25 correctly and homogeneously into the annular interstices, the thickness of which can be very 
small, separating the wall of the prefomn from the wall of the well or conduit. 
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Finally, the cementing is. not always very reliable because it is poorly controlled over long 

lengths. 

The objective of the present invention is to propose a prefomn of the type described 
above that can be positioned and anchored inside the well or conduit without the need to use 
cement. 

This objective is achieved, according to the invention, due to the fact that the prefonn has. 
along its wall, annular curable zones that are radially and outwardly deformable so that they apply 
against the wall of the well or conduit, and which form, after curing, anchoring and sealing locks 
for the casing. 

Moreover, according to a number of additional, non-limiting characteristics of the 
invention: 

- the preform has a reservoir of heat-curable resin on its inner side that can migrate 
radially outward through the wall under the effect of an internal pressure; 

- it has an elastically deformable outer skin, certain sleeve-shaped sections of which 
have a capacity for the radial deformation that is significantly greater than that of the rest of the 
skin, these sections accomplishing said locks; 

- the easily deformable sections are made of non-reinforced elastomer while the rest of 
the skin is made of reinforced elastomer; 

- said reservoir consists of annular pockets situated opposite said sections of easily 
deformable outer skin; 

- said reservoir extends the full length of the preform, including opposite the areas of 
outer skin that are not easily defomnable; 

- the wall of the preform is composed of a heat-curable resin core and two skins made of 
elastomer material, one inside and one outside, said reservoir containing the resin being 
delimited by the core and by the inner skin; 

- the prefomri is provided with annular seal rings encircling the curable areas intended to 
constitute the locks. 

The method according to the invention, intended for the positioning, anchoring, and 
sealing of a preform as described above inside a well or conduit, is comprised of the following 
steps: 

a) the prefonm in its folded state is inserted in a well or cylindrical conduit, the diameter of 
which is a little larger than that of the prefonm when it has been radially deployed; 

b) a fluid under pressure is introduced into the preform to change it to a strictly cylindrical 

state; 
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c) said annular zones are defomned outward to apply them against the wall of the well or 

conduit; 

d) the preform and the annular zones are cured. 

In an advantageous way, in step c) the resin contained in the annular pockets is heated 
5 in order to liquefy it and cause it to migrate outward under the effect of the internal pressure, and 
in step d). this resin and the resin of the wall of the prefonn are maintained at the polymerization 
temperature for enough time to obtain the curing of the whole. 

Other characteristics and advantages of the Invention will appear from the description 
and the appended drawings, which represent, by way of non-limiting examples, preferential 
1 0 embodiments. 

In these drawings: 

- Figure 1 is a diagrammatic cross sectional view of a preform according to the invention, 
after insertion and radial deployment, but before anchoring, inside an oil well; 

- Figures 2 and 3 are transverse cross sections of the preform in its initial folded state, 
1 5 according to two different methods of folding; 

- Figure 4 Is a view similar to Figures 2 and 3, which represents the radially deployed 
prefomn to take a cylindrical fonm; 

- Figure 5 is a partial view, in axial cross section, of the wall of the preform at one curable 
annular zone intended to constitute an anchoring lock, prior to being radially deformed outward; 

20 - Figure 6 Is a view similar to Figure 5, representing the preform after deformation and 

curing of the lock; 

- Figure 7 is a diagrammatic view of a section of deployed prefomi. which Is equipped 
with several seal rings at the curable annular zone intended to constitute an anchoring lock; 

- Figure 8 is a longitudinal cross section at the ring, after the prefonm is anchored and 
25 cured in a well. 

- Figures 9 and 10 are views similar to Figures 5 and 6. respectively, representing a 
variant of the preform. 

Figure 1 represents a preform 1 according to the invention, which is placed Inside an oil 
well 2, the cylindrical wall of which is referenced as 20. 
30 The preform is of a known type, made of themnosetting, heat-curable material, which, 

prior to being placed inside the well. Is folded longitudinally so as to have a reduced radial 
dimension. 
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The folding can be done in "U" shape as shown diagrammatically in Figure 2. or "snail" 
shape as represented in Figure 3. 

After being positioned inside the well 2 along the desired length, the prefonn is deployed 
so that it takes on a cylindrical form, as illustrated in Figures 1 and 4. 

This radial expansion is accomplished by introducing a fluid under pressure into the 
preform's internal space 100. To do this, a conduit 4 is provided that sealably penetrates the 
prefonn at its upper end la and canies the fluid from the surface S of the well. The fluid used can 
simply be the liquid mud extracted from the well. 

The lower end lb of the prefonn is naturally plugged by an appropriate closing means. 

In Its deployed state, the wall 10 of the preform has an strictly cylindrical shape, of 
specific diameter. The diameter of its outer surface is selected so as to be slightly less than the 
diameter of the well's wall. 

By way of non-limiting example, the outside diameter of the preform will be 178 
millimeters, while the diameter of the wall 20 will be 184 millimeters. 

There is therefore an annular space j the radial value of which, for example, is 3 
millimeters. 

This free annular space along the full height of the prefonn allows the mud to be 
evacuated during inflation. 

According to one essential characteristic of the invention, the preform 1 is provided with 
several annular curable zones distributed along its wall, which are radially and outwardly 
defonnable so that they apply against the wall 20 of the well, and which after curing, fomi 
anchoring and sealing locks for the casing. These locks are represented by broken lines and by 
references 3 in Figure 1, 

The different locks 3 are spaced at predetermined distances L,. L2 that are not 
necessarily equal. 

Byway of example, the prefomri has a length that can reach 3.000 meters. 
The spacing of the locks 3 can be between 5 and 50 meters, for example. 
The height of the locks will be on the order of 0.5 to 3 meters. 

In the embodiment represented in Figures 5 and 6, the wall 10 of the prefonn is 
composed of a heat-setting core 5 sandwiched between an inner skin 6 and an outer skin 7. 
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The core 6 is a heat-curable resin, inside which is embedded a reinforcing structure 
composed of fibers 50. such as glass or carbon fibers, some of which are circumferential and 
others longitudinal. 

The Inner skin 6 Is an unrelnforced elastomer material (synthetic rubber). The outer skin 
7 Is an elastomer material reinforced by a slightly expandable fabric. 

The annular zone Intended to constitute the lock forms a reservoir (pocket) delimited by 
the core 5 as well as by a bulge 6', toward the Interior 100 of the preform, in the inner skin 6. This 
reservoir contains a heat-curable resin 60. 

Opposite the bulge 6', the outer skin 7 is intenupted to be replaced by a sleeve tube 8. 
This sleeve tube is appropriately connected and attached, for example by gluing, to the skin 7. 
The sleeve tube 8 is made of an unreinforced elastomer material. It is therefore radially 
expandable, unlike the rest of the outer skin 7. 

By way of example, the thickness of each of the skins 6, 7 is on the order of 2 millimeters, 
while the core 5 has a thickness of between 5 and 15 millimeters. 

The resin 60 is selected to have a high viscosity at ambient temperature, and a low 
viscosity at high temperature, for example above about 80**C. It then becomes liquid and can 
migrate outward through the core 5 and its reinforcing structure 50. 

The anchoring of the preform In the well is done as explained in the following. 

First, the prefonrn is radially deployed by introducing the liquid L into it. as already 
menttoned above. The prefonn will then progressively take on a cylindrical shape, while the mud 
present inside the well is forced out of the annular space that remains free, and rises to the 
surface. The rest of this same mud can be used as the inflation liquid L. by means of a suitable 
pumping system. 

The pressure of the liquid L is selected so that there is a relatively high pressure 
differential, for example on the order of 10 bars, between the liquids inside and outside the 
prefonn. The preform is held in its proper position inside the pipe by an appropriate device 
installed at the surface, and not represented. 

Next, the wall of the preform is heated either by replacing the liquid L with a hot liquid, or 
by the Joule effect using appropriate electrical resistances mounted in the preform. This heat will 
liquefy the resin 60 contained in the pockets 6\ as well as the resin of the core 5. 
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Under the effect of the pressure p of the internal fluid, the liquid resin then migrates 
outward from the interior, while forcing the resin comprising the core 5 through to form annular 
bulges 61 which will be applied - by means of sections of easily deformable skin 8 - against the 
wall 20, with a relatively strong pressure. Of course, the capacity of the reservoirs, and 
correlatively, the volume of the resin 60, are chosen so as to be sufficient to correctly fill the 
annular space J, and to sufficiently deform the locks 3 in an outward direction against the wall 20. 
The sections 8, after radial expansion, are referenced 8' In the drawings. 

The necessary calories continue to be applied to the prefonm and to the lock for enough 
time - usually a few hours - to obtain a curing of the wall assembly, including the locks. 

Thus, a rigkJ casing is obtained with cylindrical interior wall, and the outer wall of which is 
formed of annular rolls that comprise anchoring and sealing zones of the casing in the well 2. 

The final operations consist of removing the liquid from inside the preform, withdrawing 
the conduit 4. and eliminating the upper and lower ends 1a and lb, respectively, from the preform. 

The part la can be removed simply by transverse sawing. The lower part 1b can be 
removed by axial boring inside the casing. 

It should be noted that the location of the locks 3 is perfectly controlled due to the 
presence of the sleeve tubes 8, which have a greater ability to extend radially than the rest of the 
outer skin 7. 

The outward deformation of the inner skin 6, at the end of the outward migration of the 
resin, is limited because the skin 7 will come up against the filament structure 50 of the core 5. 
This ensures that the interior wall of the casing will have a strictly cylindrical shape along, its full 
height. 

The annular locks will be positioned where desired, depending on the physical 
characteristics of the well to be cased, along the preform, particulariy as a function of the location 
of certain aquifer zones. 

In order to improve the seal between the preform and the wall of the well, seat rings can 
be provided at the locks 3. 

This possibility is Illustrated in Figures 7 and 8. The expandable sleeve tubes 8 are fitted 
with one or more seal rings 9. for example three in number. These are flexible rings, for example, 
capable of being deployed radially at the same time as the prefonn. to take on a toroidal shape. 
After radial expansion and curing of the locks, the rings are lodged in an annular groove of the 
outer skin 8'. 
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providing a perfect seal at this point. This sealing technique is the object of this applicant's patent 
application No. 94 03629 filed on March 23. 1994. It Is applied here to the anchoring areas of the 
preform. 

It should be noted that the resin 60 can remain enclosed for a long time inside the 
pockets 6', with no risk of degradation. 

The prefonms can therefore be stored without damage, put in place whenever desired, 
then also anchored whenever desired. Furthermore, the preform and locks do not need to be 
cured until after the radial deployment of the preform. These operations can be performed 
successively at the proper time, depending on the availability of the personnel assigned to these 
tasks. 

In the preform variant illustrated In Figures 9 and 10, in which the same references as in 
Figures 5 and 6 were used to designate identical or similar elements, the reserve of heat-curable 
resin 600 is not confined in the pockets. On the contrary, it occupies an annular space between 
the core 5 and the Inner skin 6. which extends the full length of the preform 7. including opposite 
the outer reinforced skin areas that are not easily defomiable (see Figure 9). During the 
application of the internal pressure p. the liquid resin migrates to the inside of the core 5. Toward 
the exterior, however, it will only push out Into the easily deformable sections 8. forming 
anchoring rolls 8' there. 

This prefonn variant has a lower production cost than a prefomi with pockets. 

By way of example, the outer skin 7 has a thickness on the order of 2'to 3 mm. the core 5 
has a thickness of between 5 and 15 mm. the resin 600 has a thickness on the order of 0.4 mm 
and the inner skin 6 has a thickness on the order of 2 mm. 

Although In the method of implementing the invention that has just been described with 
reference to the drawings, the casing was for a vertical well, and more specifically an oil well 
bore-hole, the present invention also applies to the casing of underground wells that are not 
necessarily vertical, and to the casing of conduits, for example pipelines or gas pipelines, for the 
purpose of repairing them in situ by installing an internal lining. 
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CLAIMS 

1. Flexible preform that is radially foldable and curable in situ , after it has been placed in 
a well or in a conduit, in order to constitute a cylindrical casing therein, characterized by the fact 
that the preform has. along its wall, annular curable zones (3) that are radially and outwardly 
deformable so that they apply against the wall (20) of the well (2) or conduit, and which form, after 
curing, anchoring and sealing locks for the casing. 

2. Preform according to claim 1, characterized by the fact that it has a reservoir of heat- 
curable resin (60. 600) on Its inner side that can migrate radially outward through the wall (10) 
under the effect of an intemal pressure (p). 

3. Preform according to either of claims 1 or 2. characterized by the fact that it has an 
elastlcally deformable outer skin (7). certain sleeve-shaped sections (8, 8') of which have a 
capacity for the radial deformation that is significantly greater than that of the rest of the skin (7), 
these sections accomplishing said locks (3). 

4. Preform according to claim 3, characterized by the fact that the easily-deformable 
sections (8, 8') are made of non-reinforced elastomer while the rest of the skin (7) is made of 
reinforced elastomer. 

5. Preform according to claim 2 on the one hand, and to 3 or 4 on the other hand, taken 
in combination, characterized by the fact that said reservoir consists of annular pockets situated 
opposite said sections (8) of easily-deformable outer skin. 

6. Prefomn according to claim 2 on the one hand, and to 3 or 4 on the other hand, taken 
in combination, characterized by the fact said reservoir (600) extends the full length of the 
preform, including opposite the areas of outer skin that are not easily defomiable. 

7. Preform according to either of claims 5 or 6. characterized by the fact that the wall of 
the preform is composed of a heat-curable resin core (5) and two skins made of elastomer 
material, one inside (6) and one outside (7), said reservoir containing the resin (60. 600) being 
delimited by the core (5) and by the inner skin (6). 

8. Preform according to claim 7. characterized by the fact that the core (5) has a filament- 
type reinforcing structure (50) embedded in the resin. 
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9. Preform according to any of claims 1 to 8, characterized by the fact that it is provided 
with annular seal rings (9) encircling the curable zones (3) intended to constitute the locks. 

10. Method for the positioning, anchoring, and seating of a preform as described above 
inside a well or cylindrical conduit, according to which: 

a) the prefomn (1) in its folded state is inserted in a well (2) or conduit, the diameter of 
which is a little larger than that of the preform when it has been radially deployed; 

b) a fluid under pressure is Introduced into the preform (1) to change It to a strictly 
cylindrical state; 

c) said annular zones (3) are deformed outward to apply them against the wail (20) of the 
well (2) or conduit; 

d) the preform (1) and the annular zones (3) are cured. 

11. Method according to claim 10. applied to a preform according to either of claims 5 or 
6, characterized by the fact that in step c) the resin (60) contained in the annular pockets is 
heated in order to liquefy it and cause it to migrate outward under the effect of the internal 
pressure (p), and that in step d), this resin and the resin of the wall of the preform are maintained 
at the polymerization temperature for enough time to obtain the curing of the whole. 



[see original for figures] 
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